The longevity and fecundity of 3 pteromalid species in response to 3 host-availability treatments were charted. In Treatment 1, 20 hosts were supplied daily after mating; in Treatment 2, 1 host was supplied initially for 24 hours followed by no hosts for 48 hours, with 20 hosts being supplied thereafter; and in Treatment 3, no hosts for 72 hours after mating followed by 20 supplied daily. The adults of Spalangia camcroni Perkins and Nasonia vitripennis (Walker) required hosts when very young for Considerations of the basic behavioral patterns of parasitic Hymenoptera used in studies of population dynamics are essential before any meaningful interpretations can be made. Notable examples in which lack of experimentation and, consequently, of information, have led to incorrect analysis of parasite behavior were cited by Edwards (1954a) and Varley and Edwards (1957) . In these examples, females of Nasonia vitripennis (Walker) were initially denied access to hosts for several days, a procedure which placed unnecessary limitations on the value of the data obtained and led to erroneous conclusions.
Considerations of the basic behavioral patterns of parasitic Hymenoptera used in studies of population dynamics are essential before any meaningful interpretations can be made. Notable examples in which lack of experimentation and, consequently, of information, have led to incorrect analysis of parasite behavior were cited by Edwards (1954a) and Varley and Edwards (1957) . In these examples, females of Nasonia vitripennis (Walker) were initially denied access to hosts for several days, a procedure which placed unnecessary limitations on the value of the data obtained and led to erroneous conclusions.
Only recently it has been shown that generally in the Western Hemisphere 1 of 3 species of Spalangia (S. earneroni Perkins, 6". endius Walker, This study was carried out during the tenure of Grant no. 12699-02 of the National Institutes of Health, United States Public Health Service. Accepted for publication August 25, 1966. a Present address: Department of Zoology, Tel-Aviv University, Tel-Aviv, Israel. maximum longevity and oviposition; Muscidifurax raptor Girault and Sanders performed best when deprived of hosts for a minimum of 4 days after emergence. Responses were proportional to the intensity of host-feeding and oviposition. Host availability of young adult females apparently influences their reproductivity and behavior during their entire life span. The extent and direction that behavior is affected depends on the species involved. Results are compared with those of other workers.
aenca Curtis) and 1 of 5 presumed races of Muscidifurax raptor Girault and Sanders usually predominate as house fly parasites (Legner 1966; Legner and McCoy 1966) .
An additional species, N. vitripennis, which has often been erroneously regarded as a typical example of a house fly parasite, has not been recovered from Musca domestica naturally and is rarely found parasitizing other house fly types (e.g., Fannia spp.) (Legner 1967) . Because most basic studies on behavior of house fly parasites have been performed with N. vitripennis, there is a paucity of vital information about the nutritional requirements of Muscidifurax raptor and Spalangia spp. and their effects on longevity and fecundity.
The present investigation attempts to characterize these 2 basic house fly parasite types, employing a uniparental race of M. raptor from Puerto Rico and a strain of 5". cameroni from Trinidad, and to compare them to JV. vitripennis.
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FIG. 1.-Longevity of once-mated Spalangia cameroni and Nasonia vitripennis, and unmated uniparental Mtiscidijurax raptor females in response to 3 experimental treatments.
MATERIALS AND METHODS
\ . cameroni, a biparental solitary species, was obtained in Trinidad (Legner 1966) ; a uniparental, predominantly solitary race of .1/. raptor was from Puerto Rico (Legner et al. 1965) ; and N. vitripennis, a biparental, gregarious species, was obtained in southern California (Legner and Brydon 1966) . Adult female body lengths were : S. cameroni, 3.5± 0.2 mm; N. vitripennis, 2.2±0.3 mm; and M. raptor, 2.6±0.2 mm. All 3 species are able to develop ectoparasitically on the pupa of Mnsca domestica L.
Adult females for the first day of their emergence from the host puparium were confined with males in 44-cc polystyrene vials with damp plaster-of-paris bases and brass-screened lids. Honey was continuously provided. Temperatures during the experiments were recorded at 22°-25°C with a vial RH of 70%-807".
Thirty of the 1-day-old mated females (for each species) were placed singly into 44-cc polystyrene vials. The plaster-of-paris base of each vial was wetted daily with approximately 1 ml distilled water.
The 30 vials were segregated into 3 groups for each species. In the first group (Treatment 1) each female was supplied with 20 M. domestica puparia, 24 to 30 hr old, daily until death. This host age group seemed optimal, judged from work reported by Wylie (1962) . Pupae in all treatments averaged 6.4± O.5X2.8±O.2 mm.
In the second group (Treatment 2) each female received 1 puparium during its second day of life and none during its third and fourth days, but was provided 20 puparia daily commencing on its fifth day and continuing until it died.
Females of the third group (Treatment 3) received no host puparia until the fifth day of life (4 days old) when the daily provision of 20 puparia began and was continued until death.
Host-feeding by all females occurred during the first 24 hr after the initial presentation of puparia.
Three vials with 20 puparia and no parasites were set aside daily as a check on host viability.
Host puparia, after being in the presence of a parasite female for 24 hr, were transferred to clean, screened, 44-cc polystyrene vials; these were labeled and incubated in the laboratory at 26°C and 55% RH. After about 1 week, when all unparasitized hosts had emerged and died in the vials, the unemerged puparia were segregated in type 000 gelatin capsules and further incubated for parasite emergence.
Life cycles for 90% emergence at 26°C were as follows: N. vitripennis, 13-15 days; S. earneroni, 24-27 days; and Muscidifurax raptor, 17-22 days. Complete emergence of all nondiapausing individuals usually required more than 4 weeks. Two additional weeks were allowed before unemerged puparia were dissected for the presence of diapausing parasites and dead parasite larvae and pupae.
In some cases, the ovaries of recently dead parasites were dissected and examined.
Confidence limits were calculated with a Student "t" test, and significant differences among treatments were detected with Duncan's new multiple range test (Duncan 1955) . vitripennis were similar in their host-feeding responses. Host-feeding and oviposition was apparently essential during the first 3 days for the prolongation of life (Fig. 1) , the maximum number of ovipositing 
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KIG. 3.-Mean number of 20 daily provided Musca domcstica pupae parasitized by 3 experimental populations of Spalangia camcroni-Trinidad strain, each consisting initially of 10 1-day-old mated females. The +tor, confidence limit is shown above each mean. females per day (Fig. 2) , and an increase in rate of oviposition (Fig. 3, 4) .
In both species, the number of hosts available was important. This fact is evidenced by the superiority of Treatment 1> Treatment 2> Treatment 3 in the earlier days of parasites' activity. But 5". cameroni increased its oviposition rate in later life (after the 18th day) in Treatment 2 (Fig. 3 ) to above that for the same period in Treatment 1. Thereby, the total number of pupae killed by this species was similar in Treatments 1 and 2. No such compensation was detected in Treatment 3 with this species, nor in Treatments 2 and 3 with iV. vitripennis (Fig. 4) .
The activity of M. raptor, on the other hand, was delayed by prolonged host availability. Failure to provide hosts during the first 3 days in Treatment 3, and to a lesser extent in Treatment 2, prolonged its longevity ( Fig. 1) , increased the number of ovipositing females per day (Fig. 2) , and increased the total host-kill during its life span (Fig. 5) . Of course, it is not possible to separate the effects of early adult oviposition and host-feeding in this experiment; so the prolongation of life and increased rates of oviposition in Treatments 2 and 3 (Fig. 5 ) might have been due to the withdrawal of both processes. The number of pupae killed by M. raptor in Treatment 3 was actually about y$ greater than in Treatment 1, and 34 greater than in Treatment 2. These differences were highly significant (Duncan's 99% level) on the basis of total mean production in the respective treatments.
F-l Progeny Production.-The total progeny production obtained in these experiments was necessarily affected by longevity (Fig. 1 ) and the percent of ovipositing females (Fig. 2) . Therefore, there are similarities with the curves showing numbers of pupae killed (Fig. 3, 4 , and 5 compared with Fig. 6 , 7, and 8, respectively). This similarity could be expected Vol. 60, No. 3 with the predominantly solitary 5\ earneroni and the only slightly gregarious M. raptor, but might not have occurred with N. vitripennis, a wholly gregarious species.
There are also interesting points regarding sex ratios. In all treatments, the sex ratio for S. earner oni favored females during the first 11 days of life (Fig. 6) . Thereafter, the sex ratio tended to equalize or slightly to favor males in host-fed populations (Treatments 1 and 2), but predominantly favored males in the host-deprived population (Treatment 3).
In N. vitripennis, females usually outnumbered males throughout most of the life span in all treatments (Fig. 7) ; however, a significantly smaller (1% level) female:male ratio was observed in Treatment 3 for an extended period after the 12th day (Fig. 7) . These results are similar to those of King (1962) for the same species.
The Puerto Rican race of M. raptor, although uniparental does produce a low percentage of male progeny which are nonfunctional in reproduction. This male frequency, charted in Fig. 8 , was significantly greater in Treatments 2 and 3 (Duncan's 99% level) tlian in Treatment 1. The increase occurred during the prolongation period of this species' life span (after the 29th day), which, as previously pointed out, was correlated with depriving young adults of hosts for 4 days (Fig. 8) . This phenomenon suggests that male production in this uniparental race was enhanced by old age. Random dissection of the ovaries of recently dead females of all 3 species revealed the existence of relatively few mature eggs (2-3) as compared with well-stocked ovaries of actively ovipositing individuals (10-20) .
Other Mortality Factors.-Host mortality caused by the combined actions of probing, host-feeding, and unsuccessful parasitism (not detectable through dis- section) was similar in rate in all treatments in 5". camcroni (Fig. 9) . However, a significantly lower rate (1% level) was recorded for A T . vitripennis (Fig.  10) and M. raptor (Fig. 11 ) in Treatment 3, there being no significant differences between Treatments 1 and 2 through the 26th day for these 2 species.
Significance detected among daily means with Duncan's test).
Diapause and Immature Mortality.-The frequency of (liapausing larvae and pupae was low throughout the experiments (Table 1) . Diapause was limited to Treatment 2 in ^T. camcroni, but it occurred in all treatments with the other 2 species. In these there tended to be a slightly higher, but nonsignificant, frequency of diapause in Treatment 3 (Table 1) . When diapause occurred, it usually involved older larvae and generally was found associated with oviposition during the early or middle life of the P-l female (Table 1) .
Larval and pupal mortality was not correlated with treatments in any species. This mortality apparently resulted independent of the treatment state of the parent females (Table 1) .
DISCUSSION
Nutrition and oviposition of newly emerged adult females apparently influences their subsequent behavior and reproductivity. The extent and direction of behavior modifications was shown to depend on the species involved. Edwards (1954a) demonstrated the importance of host-feeding of young adult iV. vitripennis females for extending their host-finding capacity. The present investigation further emphasized the importance of initial feeding on the whole life span.
Host-feeding is generally regarded as a normal process in the Pteromalidae (Clausen 1962) , and indeed it was observed to take place with all species in Vol. 60, No. 3 this study. However, its amplifying effect on parasite productivity and longevity has never been pursued. Evidence is indicated in this study that with a uniparental race of M. raptor, the effect is opposite from the expected. The mechanisms involved are now the subject of continued research, with emphasis on determining if this response is characteristic of the uniparental race only.
For mass-rearing these parasites as biological control agents, it is essential to provide young adults of .V. vitripcnnis and S. cameroni with abundant hosts to enable them to approach their reproductive potential. Such treatment would not seem to be advantageous for maximum production of M. raptor, however. The optimum duration of initial deprivation of hosts in the latter case has not yet been determined, but would seem to involve a minimum of 4 days.
The longevity of adult JV. vitripcnnis females was considerably greater than that noted by other authors for this species. Minimum productive longevities of 3 weeks were recorded for all 3 treatments, although females usually remained alive a few days longer without ovipositing. Nagel and Pimentel (1963) reported that female longevity averaged 6.96±0.6 days and ranged from 1 to 22 days. Pimentel et al. (1963) and Pimentel and Al-Hafidh (1965) recorded parasite longevity at about 2 weeks. Wylie (1966) stated, "females supplied continuously with puparia lived approximately a week," which is about ]/$ that recorded in the present experiments.
It may be proposed that reasons for the greater longevity noted in this study involved environment. N. vitripcnnis, as well as all other parasites of Muscci domestica that have been studied by the authors, requires a high surface moisture. The provision of a daily wetted plaster-of-paris surface is favorable for an increased longevity and subsequent productivity of all species tested.
It has been noted also that single females tend to live longer than groups of females in close proximity. The interference excitation of females with one another could account for the lower longevity in some of the above-cited experiments.
The observation by Wylie (1966) that "females given one host daily lived about 507" longer than those given five hosts" is related to an earlier note that, "those [female N. vitripcnnis] eating only pure honey survive up to about two months" (Wylie Fig. 2.   1%2 ). Ovisorption may in fact account for the longer reported longevity in the absence of hosts as shown by Edwards (1954b) .
It was concluded by Saunders (1962) and supported by Wylie (1966) that N. vitripennis females produced a larger percentage of diapause progeny as they aged. Both workers stimulated diapause by providing small numbers of hosts to female parasites daily. In the present investigation diapause progeny were not produced at all in the old age of N. vitripennis, but a somewhat higher frequency of it resulted from the host-deprived categories (Treatments 1 and 2). Therefore, from present results, nutritional triggers to diapause are indicated; and Wylie's (1966) idea that with iV. vitripennis, "the number of hosts available for oviposition probably determines when and at what rate the change occurs," is supported. Goetsch (1939) first discussed nutritional deficiencies influencing diapause with Phcidole pallidida, and Flanders (1944 Flanders ( , 1962 discussed this for a wide array of parasitic species. [Vol. 60, No. 3 Table 1 .-Frequency (mean no. per female) of dead late-instar larvae and pupae, and of diapausing larvae and pupae, of 3 pteromalid species in 3 treatments (see text). L = dead late-instar larvae; P = dead pupae; D = diapause ( y young larvae, ""mature larvae, p pupae). 
